Control of lymphocyte cell survival and proliferation is critical for both the immune response and for the prevention of autoimmune and infectious diseases. The actions of interleukin-2, the major Tcell regulatory cytokine, are mediated by the complex network of divergent signalling pathways controlled by its high-affinity receptor. Various studies have indicated that the generation of certain lipid second messengers is an important mechanism in the control of proliferation and cell death. We have examined the relationship between diacylglycerol and ceramide and the levels of the lipids phosphatidylcholine and sphingomyelin, their potential precursors, in the human T-cell line Kit 225 cultured in three distinct conditions to favor apoptosis, cell arrest, and proliferation. Our data show that, in proliferating cells, the ratios of diacylglycerol/ceramide and phosphatidylcholine/sphingomyelin are higher than those found in arrested cells and increase with time in culture. These ratios are rapidly reversed in apoptotic cells. Further experiments reveal that de novo synthesis of both diacylglycerol and phosphatidylcholine is greatest in proliferating cells, whereas sphingomyelin synthase activity is increased in cells undergoing apoptosis. In summary, our results demonstrate for the first time that the ratio of mitogenic/antimitogenic lipids changes dramatically during T-cell proliferation and cell death. These results indicate that lipid second messengers and the enzymes that are responsible for their generation may provide targets for novel therapeutic interventions in the clinical management of immunosuppression and autoimmune disease.
lipids that fulfill the characteristics of second messengers. These lipid second messengers (LSMs) are generated, either transiently or in a more sustained form, in response to extracellular signals through the activation of several hydrolytic enzymes including phospholipases type C and D (PLC and PLD) and sphingomyelinases (SMases). Well-known examples of LSMs include glycerolipid derivatives such as diacylglycerol (DAG) and phosphatidic acid (PA) and sphingolipid derivatives such as ceramide. Among the signaling lipids, changes in the levels of both DAG and PA have been related with cellular processes such as cell proliferation and oncogenic transformation, whereas elevations in ceramide seem to correlate with the induction of cell arrest and/or apoptosis (1) (2) (3) (4) . Moreover, the ratio between mitogenic and antimitogenic LSMs appears to control these processes, because changes in DAG can counteract the apoptotic effect of exogenously added ceramide. The generation of these lipids, therefore, could represent an important step in the control of cell responses to external stimuli.
The correct survival and proliferation of T-lymphocytes are critical to immune response and to prevention of autoimmune and infectious diseases. Interleukin-2 (IL-2) is the major T-cell regulatory cytokine responsible for the correct regulation of T-cell proliferation and factors that control cell survival (5) . The actions of IL-2 are mediated by the complex network of divergent signaling pathways controlled by the high-affinity IL-2 receptor that is expressed on the surface of activated T-lymphocytes (6) . Previous observations by our and other laboratories have revealed that IL-2 causes the rapid and transient generation of both PA and 3-phosphorylated phosphoinositides through the activation of lipid kinases (7) (8) (9) (10) (11) (12) (13) (14) (15) . In addition, IL-2-induced proliferation correlates with a sustained elevation of the level of DAG. On the other hand, deprivation of IL-2 causes the rapid death by apoptosis that coincides with an elevation of the level of ceramide (16) . From these reports, and others in the literature, it is clear that generation of lipid mediators seem to be important for T-cell responses, although detailed studies involving IL-2 and T-lymphocyte biology have remained largely unexplored and therefore present grounds for a detailed biochemical study.
In the present report, we have chosen to extend our studies on the role of lipid mediators in Tlymphocyte responses by examining the relationship between DAG and ceramide generation and their precursor metabolism in T-lymphocytes during IL-2-dependent proliferation to compare them with cells either in a quiescent state and those undergoing apoptosis. To achieve this, we have chosen as an experimental model the IL-2-dependent human T-lymphocyte cell line Kit 225. We demonstrate that the levels of the intracellular lipid mediators and their phospholipid precursors are carefully controlled, suggesting that changes in lipid-derived molecules may dictate the fate of cells in a coordinated fashion.
MATERIALS AND METHODS

Reagents
Human recombinant IL-2 was a generous gift from Hoffman-LaRoche (Nutley, NJ). [γ 32 P]ATP (specific activity 3000 Ci/mmol), [methyl- 3 H]choline (specific activity 83Ci/mmol), [N-methyl-3 H]1,2-dipalmitoyl-PtdCho (specific activity 80 Ci/mmol), and D-[U- 14 C]glucose (specific activity 310 mCi/mmol) were purchased from Amersham (Amerisham, UK). Fetal calf serum, cell culture media, and supplements were bought from Gibco (Paisley, UK). Silica gel thin layer chromatography (TLC) plates (60Å, LK6D) were from Whatman (Clifton, NJ). Authentic phospholipid standards for TLC, 1, 2-dioleoyl-sn-glycerol, PtdCho, SM, and type III ceramide were from Sigma (Poole, UK). Salts, organic solvents, and other reagents were of analytical grade and were supplied by Merck (Darmstadt, Germany).
Cell culture and cell-cycle analysis
Kit 225 cells were maintained in suspension in basal medium (RPMI-1640 supplemented with 2 mM glutamine, 50 µM 2-mercaptoethanol, 100 U/ml penicillin, 100 µg/ml streptomycin, and 10 mM Hepes) additionally containing 10% (v/v) fetal calf serum (FCS) (complete medium) and 50 U/ml recombinant human IL-2 (complete medium + IL-2). Cells were passaged twice weekly before the cell density exceeded 10 6 /ml. Cell-cycle analysis was performed as previously described (8) .
Nonradioactive cell treatments
Cells were washed twice with basal medium before reincubating during a period of up to 72 h in either basal medium, complete medium, or complete medium + IL-2. Cells were collected at 24-h intervals for cell-cycle analysis, for the measurement of intracellular DAG and ceramide levels, and for sphingomyelin synthase (SMS) activity measurements. Until the determination of intracellular DAG and ceramide levels and SMS activities, the washed cell pellets were stored at -80°C.
DAG and ceramide quantitation
DAG and ceramide levels were quantified by the use of a mass assay using E. Coli diacylglycerol kinase using a previously published method (16) . Phospholipid phosphate was determined by a colorometric mass assay (9) .
Metabolic labeling of cells with [methyl-3 H]choline
Kit 225 cells were grown for a period of 72 h in the presence of 3 µCi/ml [methyl-3 H]choline. After washing twice with basal medium, cells were reincubated during a period of up to 72 h in either basal medium, complete medium, or complete medium + IL-2 with 3 µCi/ml [methyl-3 H]choline. Cells were collected at 24-h intervals, washed twice using ice-cold PBS, and stored as pellets at -80°C until analysis of intracellular PtdCho, SM, glycerophosphocholine, phosphorycholine, and choline. Radiolabeled PtdCho and SM were isolated from cell pellets by chloroform/methanol extraction before separation by TLC using the mobile-phase propan-1-ol/propanoic acid/chloroform/water (6:4:4:2, v/v/v/v). Spots corresponding to PtdCho and SM were identified by brief iodine vapor staining of authentic phospholipid standards followed by quantitation (9) . The radiolabeled choline metabolites glycerophosphocholine, phosphocholine, and choline found in the upper phase of the total lipid extraction were separated by cation exchange chromatography using a protocol previously described (17) .
De novo synthesis of DAG and phosholipids
Cells were washed twice with basal medium before reincubating during a period of up to 72 h in either basal medium, complete medium, or complete medium + IL-2. Cells were collected at 24-h intervals. After washing twice in glucose-free basal medium, the cells were glucose-starved for 1 h before the addition of 20 µCi D-[U- 14 C]glucose to the cell suspension for 4 min. Radiolabeled phospholipids and neutral lipids were subjected to chloroform/methanol extraction followed by their separation using two-dimensional TLC. The radioactivity associated with each lipid and the flux through PA-phosphohydrolase (PAP) was calculated (10, 18) .
SMS activity measurements
The activity of SMS was determined as previously described (19) . Briefly, membranes were prepared after a 100,000g centrifugation of postnuclear cell lysates. Membranes containing equal quantities of protein were incubated with [N-methyl-3 H]1,2-dipalmitoyl-PtdCho during 1 h at 37°C. Radiolabeled phospholipids were extracted with chloroform/methanol before their separation by TLC. Spots corresponding to PtdCho and SM were identified by brief iodine vapor staining of authentic phospholipid standards followed by quantitation (9) .
RESULTS
To study the changes in the generation of lipid mediators and the metabolism of their precursors during processes that regulate proliferation, cell arrest, and apoptosis in T-lymphocytes, we have used the well-defined human IL-2-dependent T-cell line Kit 225. According to the culture conditions used, these cells enter into three distinct states (proliferating, cell arrest, and apoptosis) and, hence, have proven to be a suitable model for studying signaling events evoked by IL-2. Exponentially growing cells were washed three times in basal medium followed by incubation in either basal medium, complete medium, or complete medium + IL-2. Cells cultured in these three different conditions were analyzed by staining of the cellular DNA with propidium iodide to determine their cell-cycle status. As shown in Figure 1 , the cells placed in basal medium entered rapidly into apoptosis, which was evident after 24 h (31% of cells in sub-G 0 /G 1 ) and increased accordingly with time (at 48 h: 47% of cells in sub-G 0 /G 1 ; at 72 h: 62% of cells in sub-G 0 /G 1 ). Cells cultured in complete medium entered into a state of cell arrest, which led to their accumulation in G 0 /G 1 (53% at 24 h), that was maintained until the last period of time measured (77% at 72 h). Under these conditions, minimal cell death was observed. Kit 225 cells do not undergo apoptosis in the absence of IL-2, but this cytokine is absolutely essential for the cells to proliferate. Accordingly, when the cells were maintained in complete medium supplemented with IL-2, the cell-cycle analysis resembled that seen in their routine culture (24 h 32% in S+G 2 /M, 48 h 43% in S+G 2 /M, 72 h 58% in S+G 2 /M). The percentage of cells in each stage of the cell cycle at all time points examined from the three culture conditions is indicated in Table 1 .
On the basis of the results from the cell-cycle analyses, the next step was to determine the intracellular levels of DAG and ceramide in the cell states described above at identical time points. Figure 2 indicates that the levels of intracellular ceramide increased (approximately fourfold at 72 h) with time when cells were cultured in basal medium. This was accompanied by minor changes in the DAG content (a decrease to ~80% at 72 h, compared with time 0). In contrast, the DAG content of cells grown in complete medium +IL-2 increased with time (approximately fourfold at 72 h). Under these conditions, no changes were observed in the ceramide content of the cells. In resting cells, the intracellular levels of both DAG and ceramide remained stationary throughout the whole period examined.
We then decided to address the question of whether the levels of the possible precursors of DAG and ceramide (PtdCho and SM, respectively) correlated with the changes in the accumulations of intracellular DAG and ceramide. To achieve this, we used in vivo metabolic labeling using [methyl-3 H]choline, which readily labeled the PtdCho and SM pools in the cells (~6:1 ratio of PtdCho:SM). When the cells were incubated in basal medium, no change in their PtdCho content was observed. In contrast, their SM level increased with time. Cells that had been incubated in complete medium exhibited a minor decrease in their PtdCho level, whereas their SM level remained constant. The level of PtdCho in proliferating cells increased with time. No change in the level of SM was seen in such cells. Figure 3 represents the changes in the PtdCho/SM ratio from cells cultured in the above conditions and collected at the same time points to those indicated in previous figures. The results indicate that this ratio increased with time while cells were proliferating, and by 72 h was 180% of that measured at time 0. In contrast, this ratio dramatically dropped in the cells undergoing apoptosis to ~20% of control at 72 h. In cells that accumulated in G 0 /G 1 , this ratio was almost constant (a slight decrease, 25%, was observed).
In parallel to the analysis of choline-containing lipids, the water-soluble intracellular radiolabeled metabolites choline, phosphocholine, and glycerophosphocholine were also subjected to analysis at equivalent incubation times in the three culture conditions. At 0 h we found that phosphocholine was the most abundant of the three choline-containing radiolabeled metabolites (74% of total), whereas glycerophosphocholine was the least abundant (7% of total) (Fig. 4) . The glycerophosphocholine content of cells cultured in basal medium was found to rise eightfold by 72 h. When the cells were incubated in complete medium, no change in the glycerophosphocholine content of the cells was seen at 24 or 48 h, but when analyzed at 72 h, an increase of 2.3-fold was observed. A decrease, to ~50% of that found at time 0, in the glycerophosphocholine content of cells cultured in complete medium + IL-2 was seen after 72-h (Fig. 4A) . The phosphocholine content of cells cultured in both basal medium and complete medium was found to decrease by five-and two-fold, respectively, by 72 h. In contrast, in cells cultured in complete medium + IL-2, a 2.3-fold increase in the phosphocholine content of cells was found by 72 h (Fig. 4B) . No change in the choline content of cells cultured in basal medium for up to 72 h was observed. However, in cells cultured in complete medium, a 2.2-fold increase was observed after 72 h. In contrast, the choline content decreased four-fold after 72 h in cells cultured in complete medium + IL-2 (Fig. 4C) .
The results obtained so far indicated that there was a concomitant increase in both DAG and PtdCho in proliferating cells and that phospholipase activity towards PtdCho seemed to be unlikely. Therefore, one question that begged to be answered was to define from which route the observed DAG arose. We opted to investigate the pathways of de novo synthesis as a source of the accumulated DAG. After being cultured in the three different conditions, Kit 225 cells were pulsed with radiolabeled glucose and the phospholipids PtdCho, PA, and phosphatidylethanolamine and the neutral lipids DAG and triacylglycerol were isolated by double-dimension TLC. The flux through the enzyme PAP (sum of the radioactivity found in DAG, PtdCho, phosphatidylethanolamine, and triacylglycerol) is considered to be an indicator of both de novo DAG and phospholipid synthesis (10, 18) . Consistent with the DAG/ceramide ratio, the calculated flux through PAP was found to be 50% higher in proliferating cells compared with that in quiescent cells. In apoptotic cells, the calculated flux through PAP was found to be 25% of that observed in quiescent cells (data not shown). This would suggest that de novo synthesis could be one mechanism responsible for the observed increase in DAG in proliferating cells as a function of time.
The intracellular regulation of the level of ceramide is controlled by a complex system of metabolic reactions, including the action of different sphingomyelinases SMases, ceramidases, ceramide kinase, glucosyltransferase, ceramide synthase, and possibly dihydroceramide desaturase. One of the most intriguing enzymes that regulate the level of ceramide is SMS. This enzyme transfers the phosphocholine group from PtdCho to ceramide-generating SM and DAG. This enzyme therefore has the important ability to directly regulate, in opposing directions, the levels of ceramide and DAG, and its activity has been described to be increased in the plasma membrane of transformed cells. To date, very little is known about this enzyme and its real significance in terms of its contribution to DAG and SM synthesis in T lymphocytes. In membrane extracts of cultured Kit 225 cells, we found a low level of SMS activity measured by the in vitro conversion of the radiolabeled headgroup of PtdCho to ceramide-yielding radiolabeled SM. Therefore, we measured SMS activity in membrane extracts of Kit 225 cells cultured in the three conditions described. Our results, shown in Figure 5 , indicate that SMS activity does not significantly change under proliferative conditions. On the other hand, the activity increases in membrane extracts from cells that have started their apoptotic program (228% of control at 72 h).
DISCUSSION
The control of proliferation and apoptosis of T-cells is essential for the correct homeostasis of the immune system. T-lymphocytes exist as a population of resting cells that, following antigeninduced activation, secrete IL-2 and express the high-affinity IL-2 receptor on the cell surface. The interaction of IL-2 with its receptor initiates a complex cascade of signaling, which culminates in cell proliferation. After expansion, the majority of the T-cells die by apoptosis except a small population that remains as memory T-cells. IL-2 is critical for the survival and proliferation of T-lymphocytes; however, mice that lack IL-2 or a functional IL-2 receptor accumulate activated T-cells and develop autoimmunity (20) (21) (22) . These results indicate that IL-2-driven proliferation is essential for the termination of T-cell responses and to maintain tolerance. Previous experiments in our laboratory have demonstrated that proliferation and apoptosis of Tcells correlates with sustained elevations in the levels of the lipid-mediators DAG and ceramide (16) . IL-2-dependent proliferation correlates with a sustained elevation of the intracellular DAG level. On the contrary, apoptosis after IL-2-deprivation was accompanied by a sustained elevation of the level of intracellular ceramide. Addition of exogenous ceramide at early times after IL-2-deprivation abolished apoptosis and drove the cells into a resting-like state, indicating that not only the levels of the different lipid mediators are important in the control of cell responses, but also the ratio between mitogenic and antimitogenic lipids is relevant as one lipid can counteract the effect of the other. In the experimental model previously used, the murine Tcell line CTLL-2, IL-2 was essential both for survival and proliferation, and we could not discriminate if the rise in DAG levels was responsible for cell survival, proliferation, or both. Herein, we have extended our previous observation by demonstrating that the ratio DAG/ceramide is far greater than that in a population of apoptotic cells and reinforce the concept that DAG is a positive intracellular mitogenic agent and is opposed by endogenous ceramide. An increase in the DAG/ceramide ratio has also recently been described in SV40-transformed fibroblasts compared with their normal counterparts (19) . This underlines the importance of the balance between DAG and ceramide in the control of cell fate.
Lipid mediators such as DAG and ceramide are both hydrolysis products and synthetic intermediates of the choline-containing lipids PtdCho and SM. PtdCho is both a major structural phospholipid and a source of LSMs via the actions of various phospholipases and a transferase (SMS) (1, 23, 24) . The data presented in this study, accumulation of both DAG and PtdCho as well as increased glucose incorporation during cell proliferation, indicates that de novo synthetic pathway must be considered as a possible source for DAG. De novo byosinthetic mechanisms have been described as responsible for sustained changes in the levels of this lipid in different experimental systems. For example, it has been reported that the major source of the increased DAG levels in PC12 exposed to NGF derived mainly from de novo synthesis (25) . Also constitutive activation of de novo synthesis of DAG is one of the mechanisms responsible for the elevation of DAG that occur during diabetic vascular complications (26) . Other pathways may coexist or even be responsible for the large increase in DAG levels during proliferation described in this study. Sustained DAG increases can be originated by the consecutive actions of PC-PLD and phosphatidate phosphohydrolase (PAP) and also by PtdCho hydrolysis through a specific PLC (reviewed in refs 23 and 27) . Our group has previously demonstrated that IL-2-induced cellcycle entry is accompanied by steady increases in DAG independently of PLD activation (9) . As for activation of a PC-PLC, there is no clear evidence of such enzyme activity in T lymphocytes. Elevated DAG levels have also been related to SMS activity, because this enzyme transfers the phosphocholine group from PtdCho to ceramide, generating SM and DAG (19) , and for this reason, we have examined the activity of this enzyme as a potential source of DAG (see discussion below). Finally, persistent accumulation of DAG as a consequence of PIP2-PLC activation is very unlikely because IL-2 does not induce PI-hydrolisis in T lymphocytes (28) . To date, the major source of ceramide is generally considered to be via the action of SMase generating phosphocholine as a byproduct. The results presented here indicate that the PtdCho/SM ratio changes with the cell status, as does the DAG/ceramide ratio. These results suggest that as cells proliferate, an increase in the synthesis of lipid precursors that, when hydrolyzed, yield mitogenic LSMs predominate over those that, when hydrolyzed, yield antimitogenic LSMs. When cells enter an apoptotic state, the reverse situation predominates, thereby generating antimitogenic LSMs. Therefore, not only lipid mediators but also their potential precursors increase in the different situations.
Enhanced PtdCho synthesis in proliferating Kit 225 cells was most likely because of the activation of one or more of the three enzymes that form part of the Kennedy pathway (choline kinase, phosphocholine-cytidylyltransferase, and CDPcholine:1,2-diacylglycerol cholinephosphotrans-ferase). The high level of phosphocholine found in proliferating cells was most likely a result of high-choline kinase activity. Studies by various groups have reported that choline kinase activity is increased during oncogenic transformation of cells (29, 30) and in some cancers (31) and its product, phosphocholine, may be a putative second messenger for cell proliferation (29) . After 72 h of culture in complete medium, a decreased level of phosphocholine in Kit 225 cells may have arisen through reduced choline kinase activity, thereby allowing an increase in the level of free choline. An increase in the level of glycerophosphocholine may have been caused by PtdCho hydrolysis by phospholipases A 1 and A 2 or nonspecific esterases during membrane disassembly as cells transit into a state of apoptosis. Our results are in agreement with other studies where intracellular concentration of PtdCho has been suggested as a modulator of cell growth and death. For instance, cells incapable of PtdCho synthesis through the CDP-choline pathway die by apoptosis (32) , and a decrease in the levels of PtdCho has been suggested to be an early event in choline-deficiency-induced apoptosis (33) .
We have found that SM and ceramide levels increase when cells undergo apoptosis. Although the source for their accumulation is not clear, ceramide derived from SM breakdown seems unlikely. We demonstrate that SM levels, measured as incorporation of [methyl-
3 H]choline, do in fact increase along time when cells are in basal medium and, therefore, undergoing apoptosis. As for the hydrolysis product of the SMase reaction, phosphocholine, we have demonstrated that decrease during apoptosis. These results, which suggest that SMase are not activated, concur with those reported by other authors, where activation of both acidic and neutral Smase is associated with short-term and not-sustained increases in ceramide levels (34) . We have examined the activity of SMS, an enzyme that occupies a central role in the balance between ceramide and DAG. The SMS activity present in the membrane fraction of apoptotic Kit 225 cells was two-fold higher compared with that found in proliferating cells, indicating that this enzyme could be responsible for the elevation of the SM level during apoptosis in these cells. These results could suggest that, in apoptotic cells, SM generated by SMS could be used by SMases to produce ceramide. However, SM is only one side of the coin, as DAG is also produced as a result of SMS activity, and, as we reported here, there are no apparent increases in DAG levels during apoptosis. One possibility is that, once formed, DAG is quickly removed (perhaps recycled back to PC (24) , thereby avoiding detection in the DAG mass assay performed. Recent studies have provided evidence that SMS activity may regulate the cellular levels of both DAG and ceramide. SMS activity was increased in SV40-transformed human lung fibroblasts (compared with nontransformed cells), resulting in the clearance of ceramide through SM synthesis (19) . SMS activity has also been identified as a regulator of TNF-mediated ceramide accumulation (35) . In the former case, increased cellular DAG could be considered as a "positive" signal during cell transformation (18) . Further studies will be necessary to fully characterize the role of SMS in T-lymphocyte responses. However, the fact that plasmamembrane SMS activity is higher in cells undergoing apoptosis and is also elevated in transformed fibroblasts indicates that this activity may be relevant in the control of cell homeostasis. It is clear from multiple examples that transformation is a consequence of both the existence of aberrant mitogenic signals combined with alterations in the mechanisms responsible for the clearance of the cells through apoptosis. It is interesting to note that in transformed fibroblasts, both SMS activity and the level of DAG are increased when compared with normal cells (19) . This situation would result in an elevated DAG/ceramide ratio as opposed to a decreased ratio, which is found in apoptotic T-cells. Therefore, it can be speculated that both SMS and some other enzymatic activity linked to the clearance of DAG generated through SMS could control the final fate of the cells. Future studies will be necessary to address the molecular characterization of various enzymes implicated in lipid metabolism that, as suggested by this and other studies, could be extremely relevant for correct cellular homeostasis. Other important points worthy of investigation will be the identification of the sites at which the LSMs are generated and their compositional analysis. Finally, the identification of potential targets of longterm-generated lipid mediators will allow the dissection of the pathways that control proliferation, differentiation, and cell death.
In light of the observations presented here, we can reinterpret results obtained >25 years ago, which focused on the phospholipid composition of lymphocytes (normal and various lymphomas) in distinct stages of transformation (36, 37) . By comparing the grade of cell tumoricity with the percentage of PtdCho compared with total phospholipid, as cell transformation increased so too did the percentage of PtdCho. SM, on the other hand, strongly showed the opposite effect: as tumoricity increases, the percentage of SM decreases. It appears that this observation is not only restricted to lymphocytes. In the above-mentioned studies, when myeloid cells (normal polymorphonuclear leukocytes and various myeloid leukemia cells) were analyzed, identical patterns of compositional changes of the PtdCho and SM phospholipid classes were seen. Unfortunately, the level of DAG was not measured in either of the two studies because of the unavailability of the mass assay. This would suggest that actively growing cells require a continuous supply of mitogenic LSMs and that the balance is tipped in the favor of the synthesis of phospholipids able to provide such demand. In cases where there is uncontrolled cell growth (such as in tumors, etc.), the level of mitogenic LSMs may be exaggerated above that found in normal cells. Conversely, a shutdown of the biosynthesis of such phospholipids is the result in slow-growing, arrested, and apoptotic cells.
The observations found herein, in combination with others, lead us to the concept of the LSMs as "cellular lipostats," in which the relative concentrations of individual LSMs reflect the state of the cell (34) . In this case, the tightly regulated balance between mitogenic lipids (DAG and PtdCho) and antimitogenic lipids (ceramide and SM) would be the indicator of the cellular state. A high number in the ratio of mitogenic to antimitogenic lipids reflects a proliferate state, a low number an apoptotic state, and an intermediate number a quiescent state. Recent evidence indicates that this balance acts not only as an indicator of the cellular state but also as an active component in the decision of the cellular fate.
Figure 1. Cell-cycle analysis of Kit 225 cells cultured in different conditions
Routinely cultured cells were washed to remove serum and IL-2. Thereafter, the cells were recultured either in basal medium, complete medium, or complete medium + IL-2. Cells were collected at 0 h (when the cells were washed) and at 24-h intervals, up to 72 h, for cell-cycle analysis. Histograms show DNA content (x axis) plotted versus relative cell number (y axis). The results are from a single experiment representative of three independent experiments.
Figure 2. Diacylglycerol and ceramide rise depending on cell-culture conditions
Cells were grown and prepared according to the legend in Figure 1 . Thereafter, the cells were recultured either in basal medium, complete medium, or complete medium + IL-2. Cells were harvested at the indicated times. Ceramide and diacylglycerol were measured by a radioenzymatic assay. Panels A, B, and C represent the diacylglycerol and ceramide results from cells cultured in basal medium, complete medium, and complete medium + IL-2, respectively. The results are from three different experiments performed in duplicate. 
